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(54) 

(57) A field emission di splay device, and a manufac- 
turing method thereof are provided, in the field emission 
display device, a first metal turn for use as a cathode is 
formed on a lower substrate. A dialectic film pattern 
and a second matfil Tllm partem are formed on the first 
metal tilm, fiften of which has a plurality of fine holes 
which expose the first metal film. Each of the fine holes 
can have a diameter of 0.5 to 10.0 urn. A conductive 
high polymer film Is fanned within the fine holes. Carbon 
nanotubes tor us* as emitter tips are vcrtioolly arranged 
within the conductive high polymer film. A epaeer Is 
Installed on the second metal film pattern. An upper 
substrate, to which a transparent electrode and a f lue- 
rescem material are attachod. is positioned on the 
spacer. Accordingly, the FED device using carbon nan- 
otubes can be simply monufactured with a large are* hy 
a method of forming fine holes In a second mere! turn 
and a dielcctrio film and putting carbon n*nnhibes in the 
fine holes. 
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Description 

BACKGROUND OFTHg INVENTION 
1 . Field of tho Invention 

[OOOI J Tho procont Invention ralatec to a field emis- 
sion display (FED) device and a manufacturing method 
thereof, and more particularly, to an FED device uolng 
carbon nanotubes and a manufacturing method thereof. 

2. Description of the Related Art 

[nnnz] in general field emission display (FED) 
nievines, whfin several hundreds of positive vote are 
flppfiftri rn sn external gate electrode with respect to a 
conic silicon emitter tip. electrons are emitted from tho 
and portion ot The GmifTer tip affected by a strong electric 
field, and the e mined electrons en nirie with an anode to 
which several kllovolts to several hundreds of Ufnvnlts 
are applied and which is coated with a fluorescent mate- 
rial. In this way. the FED devices act as display devices. 
However, in a conventional FED device using silicon 
emitter tips, which are made by etching a silicon sub- 
strate, there Is difficulty In separating an anode from a 
cathode at a fine interval of about 1,0 to 1.5nm. Also, in 
a conventional TED device, leakage current Is high, the 
reliability and performance are degraded, and a manu- 
facturing yield Ic low, due to deterioration of silicon tips 
caused by a very high operating voltage and a high cur- 
rent omission. An FED device ueing carbon nonotubeo 
has been proposed as an Improvement on the FED 
device using silicon emitter ftps. 

[0003] Conventional carbon nanotubes aro synthe- 
sized by an Rlpnfrirral riiRr*iarrj» method or a laser dep- 
osition method, and put in a cleaning solution and 
shaken by an ultrasonic washer to be reiined. The 
refined carDort nanotubes are implanted into the pores 
of a porous ceramic filter to apply the refined carbon 
nanoxubes to an FED device. Then, the carton nano- 
tubes contained In the pores of the porous ceramic filter 
are sUunued and stood uyriuhl gn conductive polymer 
on a lower substrate for an FED device, thereby funning 
emitter Hps. 

[O0O4] The FED device using conventional chjuun 
nanotubes as an emitter tip excels in stability compared 
to an TED device using silicon emitter tips, I lowever, the 
rCD device using conventional carbon nanotubes has 
difficulty in efficiently standing carbon nanoTubes on the 
conductive polymer, and its manufacturing method Is 
complicated. Thuo, the FED device uaing conventional 
carbon nonotubeo has o low manufacturing yield, and 
' cannot be manufactured to have a largo area. 

SUMMARY OFTHE INVENTION 

[OOOfi] An objective of the present invention is to 
provide o field cmiooion d bp lay (FED) device using car- 



bon nanotubes, which can be manufactured to have a 
large area, and which hoc a high denelty of line por unit 
area. 

[000 C] Another objective of die present invention is 
s to provide a method of manufacturing an FED duvby 
which can be manufactured to have a laryu urea by a 
simple manufacturing process. 

£0007] Accordingly, to achieve the first objective, ihe 
present Invention provides a field emission display 
io device including a first metal film for use as a call lude 
formed on a lower substrate; and a dielectric film pattern 
and a second metal film pattern formed on the first 
metal film, each of which has a plurality of fine holes 
whloh expose the first metal film. The lower substrate 
is can bo formed of glass, quartz, sificon or alumina 
(Al 2 0 3 ). The first metal film can be formed of ehrome, 
titanium, tungsten or aluminum, and the second melal 
film pattern can bo formed of ohrome, titanium or palla- 
dium. Each of the fine holee can have a diameter of 0.5 
20 to 1O.0 um, A conductive high pelymerflfm le formed 
within the fine holes. Carbon nanotubes for use as emit- 
ter tins are vertically arranged within ihe conductive 
nign polymer film. A spncp.r fee installed on the second 
metal film pattern. An upper substrate, to which a rrans- 
?5 parent electrode and a fluorescent material are 
attached, Is positioned on the spacer. 
IOO0B] To achieve the second objective, the present 
invention provides a method of manufacturing a field 
emission display device. Ir) this metfiud, u fiist metal film 
30 for use as a cathode is formed on a lower substrate, A 
dielectric film Is formed on the finst metal film. A second 
metal film for use as a gate electrode Is formed on the 
dfobotrio film. A dioleotrio film pattern end a second 
metal film pattern, coon of whloh hoe a plurality of fine 
SS holee which expoce thB firet metal film, ara formad by 
patterning the second metal film and the dielectric film. 
A liquid conductive high polymer film l9 formed within 
the fine holes. Carbon nanotubes for use as emitter tips 
ara sprayed into The line holes and vertically arranrjert. 
40 Here, the caroon nanotubes are stood upright within me 
fine holes by ultrasonic vibration or voltage appUcaiion. 
The liquid conductive high polymer mm is cured, and 
then a spacer Is Installed on the second metal film pat- 
tern. An upper substrate, having a transparent electroce 
4s> ' and a fluorescent material attached thereto. Is attached 
lo the spacer. 

[00091 An FED device using carbon nanotubes 
according to Urn present invention as described above 
can be simply manufaciured to have a laiue area by u 
so method of forming fine holes In a second metal film and 
a dielectric film and putting carbon nanotubes iniu llie 
fine holes, 

OR1EF DESCRIPTION OF THE DRAWINGS 

[001 0J The above objectives aird advantages of Ihe 
present invention will beuurue mure apparent by 
describing in detail a preferred embodiment thereof with 
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reference to the attached drawings in whirh- 

■ FIG. 1 is a crass-sectional view of a field cmiscion 
display (FED) device using carbon nanolubec 
awarding lo the present Invention; and 
FIGS. 2 through 4 are cross-seetionaJ views illusr 

.. (rating a method of manufacturing the FED display 
of PIG. 1. 

nP^RlPTIQN QPT>-lg PR PrrnnrD EMRODIMENT 

[0011] Hereinafter an embodiment of lha preeent 
invention will be described in detail with reference to the 
attached drawings, However, on embodiment of the 
present invention to be described later can bo modified 
Into various other forme, and the eeope of the present 
invention must not be interpreted as being restricted to 
the deccribed embodiment The embodiment is pro- 
vided lo more completely explain the present Invention 
to thoee skilled in the art In drawings, the thicknesses 
or sixes of layers or regions -am axaggfirated for clarity. 
Like reference numerals In the drawing denote the 
same members. Also, when it ts written mat a layer Is 
formftd "on- another layer or a substrate, the layer can 
be lormsa directly on The other layer or irw substrate, or 
other layers ran Intervene therebetween. 
[0012] Referring lo Fl<a. 1 , a field emission display 
(FED) display using carbon nanotubes according lo the 
present Invention has a first metal film 32 for use ae a 
cathode formed on a lower substrate 30. The lower sub- 
strate 30 Is formed of glass quarts, ciiicon or alumina 
AI2O3. The first metal film 32 is formed of chrome, tita- 
nium, tungsten or oluminum. A efiolsctrie film pattern 
34b and a cooond metal film potto m SSa, **nh of which 
has a plurality of fine holes which expnse the Tirsi metal 
film 32, are formed on the first metal Tllm 32. The second 
metal film pattern 36a ran he formed of chrome, tita- 
nium or palladium, and is used as a gate electrode In an 
FED device. Tha tine holes can be formed to have a 
diameter of 0.5 10 iau jim* 

pirns] a conductive nloh polymer film 42 Is formed 
witnin the fine holes, and carbon nanotubes 44 ere 
arranged vertically within the conductive high polymer 
ritm 4*. The carbon nanuluUes 44 are used as emitter 
tips. These vertically-arranged carbon nanotubes 44 
can otJtaln a greal amount of emission current at a low 
operating vulLage, for example, about 1.5V/um. Alco, 
the verlfcally-airanged carbon nanotubes 44 can 
increase luminous efficiency since they have a high 
density of tips per unit area. A spoeer48 ie Installed on 
the second metal film pattern 36a, and an upper sub- 
strate CO, to which a transparent electrode S2 for an 
anode and a fluorescent materia! 64 are attached, is 
provided on the spacer 48. An electric Held Is applied 
between the first metalfilm 32 corvlng as a cathode and 
the transparent electrode 52 serving as an anode, so 
that electrons arc emitted from tha vertically- arranged 
carbon nanotubes 44. The emitted electrons collide with 



the fluorescent material 54, so that the FED Ueviuo J liv- 
ing such a structure emits red, green and bluu itgiit. AL 
mis time, an electric field Is applied between Uw second 
metal film pattern 36a for the gate electrode and the first 
s matal film 32 Tor a cathode, so that eleuUuns cosily col- 
lide with the fluorescent material 54. Consequently, the 
hH) device according to the present invention is a 
mrftfl-filsctrode FED device. 

[001 4] FIGS, 2 through a an? rrnsft-sftcti^nBl views 

10 illustrating a method of menufscturinn the HH-1 display 
of FIG. 1. PIG. 2 Illustrates the 'strip of terming a first 
metal film 32, a dielectric film 34 and a second metal 
film 36 on a lower substrata 3D. To be more specific the 
first metal film flS> serving as a cathode Is formed to a 

15 thickness of 0.2 to o.b urn on the wide lower substrate 
30. The Inwftr substrata 30 Is formed of grass, quarts, 
silicon or alumina (AI 2 O s ). The first metal film 32 is 
termed of chrome, titanium, tungsten ui aluminum. 
Next the alelectrlc film 34 is funned 10 a thickness of 1 

20 lo 5 urn on the first metal film at a low temperature. Con- 
tinuously, Ihc? second metal film 3fi serving as a gate 
electrode Is formed to a thickness of 0.2 to 0.5 pm on 
Uns dielectric film 34. The second metal film 36 Ic formed 
of chrome, titanium or palladium by an electron-beam 

Z3 deposition method or o thermal deposition method. 
[0015] FIG, 3 Illustrates the step of forming a sec- 
ond metal film pattern 36a and a dielectric film pattern 
34a, each of which has fine holes 40, by patterning tne 
second metal film 36 and the dielectric film 34. TO be 

so more specific the second metal film 36 Is coated with a 
photorvuM film (not shown) having a thickness of 1 ,5 lo 
2.0 jim, and the phoioresist film Is developed, thereby 
forming a photoresist pattern 38. Next, the second 
metal film 36 and tha dleluctrfc Him 34 are etched using 

35 me photoreslsl pattern 38 as a mask, thereby forming 
the second metal film partem 06a and the dleleotrio film 
pattern 34a. Hera, a plurality of fine helec 40 are formed 
Lo expose the first metal film 32. Tno fine holes 40 each 
have a diameter of about 0.5 to 1 0.0 urn and are sepa- 

<w rated from each other at intervale of about 2.0 to 15.0 

UJTlr 

[0016] FIG. A Illustrates the step of tnrminrj a con- 
ductive high polymer film 42 snri positioning carbon 
nanotubes AA within the fine holes *a lb be mare spe- 

ms orfic, the conductive high polymer film 42 is formed by 
filling 1/3 of each of the fine holes 40 of the dielectric 
film 34 with liquid conducive high polymer. For exam- 
pie, the conductive high polymer can be a carbon adhe- 
sive or a silver adhesive. 

so [0017] Mevr, carbon nanotubes 44 for use as emit- 
ter tips am sprayed Into the fine holes AO by ulirasuiilc 
vibration, vormga impression, or tne like, and arc verti- 
cally oriented on the first metal film 32. In other words, 
after the carbon nanotubes 44 are sprayed °" 

55 holes *n, ultrasonic vibration is applied, a voltage is 
applied between the upper and lower portions uf Urn 
lower substrate 30. or the two methods are both per- 
formed nn in* resultant structure, in this way. the carbon 
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nannttihfts am RlfRclivfily injected, and stood upright in 
tha mnrii'ioHve-hiijh polymnrfilrn*? within fh« fin« hnfcs 
dn. As a rwsult th* carbon nanntnhPc Ad are vartinaily: 
aligned in the conductive high polymer film 42 on the 
first metal Rim 32. The vertically-oriented carbon nano- 
tubss dd can obtain a great amount of emission current 
at a low operating voltage, for example, at about 15 
V/um: Als^,:the verttefiDy-orlented carbon nanotubes 44 
provide excellent luminous elfioieney since they have a 
high density of tips per unit area. 
[0018] Continuously, the liquid conductive high pol 
yrncr film '42 on which the carbon nanotubec 44 have 
been cprayed le bured at 4CO°C or lece, preferably, at 

300to40O»C. ' 
[0010] then- as shown In FIG. 1, a spacer 48 Is 
Installed to a length of abouti 00 w 700um on the sec- 
ond metal film pattern 36a. Next, the transparent elec* 
trode 52 serving as ah anode is formed on the upper 
substrate SO, and afluorescent material 54, which emits 
fight when bombarded by electrons, is then frtt*chftri to 
the transparent dersfrorfe 57. A glass substrate is used 
as the upper suhsTTfite SO, and an indium tin orlda (ITO) 
electrode can Da used as tne transparent electroae. 
IOO20] Thereafter, the upper substrate 50 to which 
the transparent electrode 52 and The fluorescent mate- 
rial 54 are attached Is turned upside down and put on 
Uic spacei 48, and Uten vaiAJum is sealed and mourned, 
thereby completing the formation cl the FED device. 

[0021] An FED device using carbon nanotubes 
according to the present Invention as described above 
can be simply manufactured with a Jorge area by a 
method of forming fine holes In a second metal film and 
a rfiolootrie Rim, and putting carbon nanotubo In the fine 
holae. 

[0022] Also, the FED device according to the 
present Invention can obtain a great amount of emission 
current at a tow operating voltage fnr ^sample, at about 
1 .5 Worn, since It uses carbon nanotubes which is verti- 
cally nrtftnte.ni well as emitter tips. Also, the FED device 
according to tne present invention provides excellent 
luminous efficiency, high reliability, and high yield since 
tt has a hi gh density of Hps pe r unit area. 

Claims ; < 

1. A Held emission display device uunipifeii"n£ 

! a first metal film for use as a cathode formed on 

a lower substrate; 
.* ' a dielectric film pattern and a second metal Rim 

pattern termed on the first metal film, each of 
■•.*■! which has a plurality of line holes which expose 

the first metal film; 

a conductive high polymer film formed within 
the fin 6 holes; 
. carbon nanotubes for use aa emitter Ops, verti- 
cally arranged within the conductive high poly- 
mer film; 



4. 



a spacer installed onthfi second. meial film pat- 
tern; and- ■ -*•■* 

an upper substrate to which a transparent elec- 
trode and a fluorescent material oro attached, 
the upper BUbsiratB formed on thb cpooor, 

2. The field amission display device of cbim 1* 
wherein the lower substrate Ic formdd of glace, 
quartz, silicon br alumina (Al^Oy). 

3.. The field emission display device of claim 1, 
* wherein the first metal film to formed of chrome, tita- 
nium, tungsten or aluminum, and the eecond metal 
film pattern ie formed cf chroma, titanium or palla- 
dium 

The field emission display device of claim T, 
wherein each of the fine holes has a diameter of 0 K 
to10.Opm. : v "' 

A method or manutacturing a field emission display * , 
device, the method comprisinoi 

** 

forming a first metal film for use as a cathode 
on a lower substrate; 

forming a dielectric film on the first metal film; 
forming a second metal film for use as a gate 
electrode on the dielectric film; 
forming a dielectric film pattern and a second 
metal film pattern, each of which has a plurality 
of flno holec whioh oxpoee the first metal film, 
by patterning the eecond metal film and the die- 
lectric film; 

forming a liquid eondueth/e high pnlymnr tdm 
*«? within the fine hole*: 

spraying carbon nanotubes lor use as emlner 
tips imo tne rins holes and vertically arranging 
the carbon nanotubes; 

curing the liquid conductive hlqh polymer film; 
40 Installing a spacer on the setwud rueual film 

pattern; and 

aUachiiig ah Upper substrate, having a trans- 
parent etectrode t and a fluorescent material 
' ; ; ■ anached thereto- to the spacer. 1 

CS 6. The method of claim O t wherein the lower eubatratc 
is formed of gloss, quartz, ailteon or alumina 
(AW 

so 7. The method of; deim 5, wherein tho fir* metal. film 
ig fomied of chrome i titanium,-: tungsten or alumi- 
num, and the: second >metal film Ie formed of 
chrome, titanium or poJlocfl urn. 

ss 8. The method of claim 6, wherein the carbon nano- 
tubes are stood upright within the fine holes by 
ultreeonic vibration br voltage impreesionr . 
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9, The method or claim s, whemin »ar.h of the fino 
Moles has a dlamfttfir nf'n 5 tn 10.0 jim. 

10. The method of claim 5, wherein the liquid conduc- 
.five high polymer film \s cured at 000 to 400*0. s 
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(54) Field emission display device uemg carbon nonotubca and manufacturing method thereof 



(57) Afield emission display device, and a manufac- 
turing method thereof are provided. In the field emission 
dleplay dovloo, aflret metal film (32) for uae aa a cathode 
is f orrnod on a lower Bubelrale (30). A tf elcolrio film pot- 
tem (34h) and a second metal film pattern (36a) arc 
formed on the first metal film, each of which has a plu- 
rality of fine holes which expose the first metal film. Each 
or the fine holes run have a diameter of 0.5 to 1 o.Ou,m. 
A conductive high polymer film (4?) ia farmed within the 



One holes. Caibun nanutubes (44) lor use as ©miner Ilpa 
are vertically arranged within Urn conductive high poly- 
mer film. A spacer (40) is installed on the second inula! 
film pattern. An upper eubetrate (CO), to which a trans- 
parent oloctrode (52) and a fluorescent materiel (54) are 
attached, ie pocrtloned on the spacer. Accordingly, the 
FED device using carbon nanotuboo oan be simply 
manufactured with a large area by a method of forming 
Fine holes In a second metal film and a dlglednelilm and 
putting carbon n^notuhes In the fine holes. 
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